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Description 

METHOD FOR CONTROLLING VOIDING 
AND BRIDGING IN SILICIDE FORMATION 

Background of Invention 

[0001] The present invention relates generally to semiconductor 
manufacturing processes, and, more particularly, to a 
method for controlling voiding and bridging in silicide 
formation. 

[0002] In the manufacture of semiconductor devices, salicide (or 
self-aligned silicide) materials are formed upon gate con- 
ductors and diffusion regions to reduce the line resistance 
of a CMOS device, thereby improving the speed character- 
istics thereof. In salicide technology, a refractory metal or 
a near noble metal, such as titanium for example, is de- 
posited on a silicon substrate. The deposited titanium is 
then annealed, thereby forming a silicide layer only on the 
exposed areas of the substrate. The areas of unreacted ti- 
tanium left on the dielectric may then be selectively 
etched away without a masking step. Thus, the process is 



"self-aligning." 

[0003] As circuit devices have continued to shrink in size, how- 
ever, it has been found that titanium silicide (TiSi^) be- 
comes an unsatisfactory silicide material since the sheet 
resistance thereof begins to sharply increase when the 
linewidth of the device decreases below 0.20 pim. More 
recently, cobalt disilicide (CoSi^) has been used as a re- 
placement for titanium in salicide structures since it does 
not suffer from a linewidth dependent sheet resistance 
problem. On the other hand, the use of cobalt silicide 
structures is not without its own drawbacks. For example, 
unlike titanium, a cobalt layer requires a cap layer such as 
titanium nitride (TIN) due to the sensitivity of cobalt to 
contaminants during the annealing process. 

[0004] When cobalt reacts with silicon on the active areas of a 
device, there is a dimensional reduction of the material 
from that of the original cobalt metal-free surface due to 
material densification during silicide formation. In other 
words, if one (volumetric) unit of metal is deposited on 
the top and sides of a gate structure, for example, after 
the silicidation process, the overall height and width of 
the structure will shrink depending on the extent of reac- 
tion on specific planes of the structure. These dimensional 



changes for different parts of the device structure require 
that the protective cap deposited over the silicide metal 
either flex due to changes in different areas of the device 
below, or allow voids to open up in certain locations 
thereunder to compensate for volumetric changes occur- 
ring at various points below the cap. Unfortunately, the 
differential stresses, voiding and/or delamination that can 
occur could allow silicon and/or metal to move into unde- 
sired areas, resulting in subsequent voiding and electrical 

bridging. 
Summary of Invention 

[0005] The foregoing discussed drawbacks and deficiencies of 
the prior art are overcome or alleviated by a method for 
reducing voiding between a first layer and a second layer 
formed over the first layer during a semiconductor an- 
nealing process. In an exemplary embodiment, the 
method includes forming a counter tensile layer over the 
second layer, wherein said counter tensile layer is selected 
from a material such that an opposing directional stress is 
created between the counter tensile layer and the second 
layer, with respect to a directional stress created between 
the first layer and the second layer. 

[0006] In another embodiment, a method for forming a metal 



silicide contact for a semiconductor device includes form- 
ing a refractory metal layer over a substrate, including ac- 
tive and non-active area of said substrate, and forming a 
cap layer over the refractory metal layer. A counter tensile 
layer is formed over the cap layer, wherein the counter 
tensile layer is selected from a material such that an op- 
posing directional stress is created between the counter 
tensile layer and the cap layer, with respect to a direc- 
tional stress created between the refractory metal layer 

and the cap layer. 
Brief Description of Drawings 

[0007] Referring to the exemplary drawings wherein like ele- 
ments are numbered alike in the several Figures: 

[0008] Figures 1(a) through 1(c) are cross sectional views of an 
existing silicide formation process that can lead to the 
creation of bridging and/or voiding; 

[0009] Figure 2 is a graph illustrating volumetric changes for 
both a Co/TiN system and a Ti/TiN system after an an- 
nealing and phase change process; and 

[0010] Figures 3(a) through 3(c) are cross sectional views of a 
method for controlling voiding and bridging in silicide 
formation, in accordance with an embodiment of the in- 
vention. 



Detailed Description 

[0011] Disclosed herein is a method for controlling voiding and 
bridging in silicide formation. Briefly stated, the method 
addresses the mechanical properties of a silicide cap layer 
with respect to the underlying formed silicide layer. As a 
result of the mechanical energy build up due to metal/cap 
deflection following the anneal induced volumetric 
changes in the silicided material, voids and/or bridging 
can occur during deflection of the layers. In order to 
counteract these effects, a counter tensile layer is also 
formed over the cap layer, wherein the counter layer is se- 
lected so as to provide an opposing mechanical force with 
respect to the deflection of the cap layer and silicide layer. 
Accordingly, a reduced mechanical energy buildup in the 
layers leads to a reduced deflection therein, and will thus 
reduce the tendency to create voiding, bridging and/or 
delamination. 

[0012] Referring initially to Figures 1(a) through 1(c), there is 

shown a series of cross sectional views of an existing sili- 
cide formation process implemented, for example, on a 
CMOS transistor device. As will be recognized by one 
skilled in the art. Figure 1(a) illustrates a transistor device 
100 formed on a semiconductor substrate 102 (e.g., sili- 



con) and electrically isolated from neighboring devices 
(not shown) by a pair of isolation regions 104. Source/ 
drain diffusion regions 106 are defined within the sub- 
strate 102 by implantation of an appropriate dopant 
species, depending upon the polarity of the device. In ad- 
dition, a gate is defined by the stack including a gate di- 
electric 108 (e.g., oxide) and a gate conductor 110 (e.g., 
doped polysilicon). Sidewall spacers 112 on the sides of 
the gate stack are also illustrated in Figure 1(a). 
[0013] As stated previously, metal silicides are used in the for- 
mation of the gate, source and drain electrodes of inte- 
grated circuit elements. Thus, in Figure 1(b), a layer of re- 
fractory metal 114, such as cobalt, is formed over the en- 
tire surface of the device, followed by a cap layer 116 of 
(for example) TIN. Both the refractory metal layer 114 and 
the cap layer 116 may be sequentially deposited, for ex- 
ample, by sputtering. As shown in Figure 1(c), a high- 
temperature thermal annealing treatment (represented by 
arrows) is carried out so as to form silicide in areas where 
there is silicon available to react with the metal of layer 
114 (i.e., the top of the source/drain diffusion regions 
106 and the gate conductor 110). No silicide forms in 
other areas of the wafer, such as where there is SiO or 



nitride present. 

[0014] As also stated previously, tlie volumetric reduction of the 
reacted cobalt results in stored mechanical energy within 
the Co/TiN film stack. Depending on the relative thickness 
of the cobalt and cap layers, delamination or voiding can 
occur as a result of the differential stresses. A plurality of 
voids 118 are thus illustrated between the cap layer 116 
and newly formed silicide regions 120. 

[0015] This phenomenon is further illustrated by the graphs in 

Figure 2 of the volumetric changes for both a Co/TiN sys- 
tem and a Ti/TIN system after an annealing and phase 
change process. At a uniform stress, a, the elastic strain 

2 

energy density is given by a /2E, wherein E is the elastic 
modulus. One way for this strain energy to be released is 
through delamination (i.e., a physical separation between 
the silicide areas and the cap layer). The critical film 
thickness for delamination is defined at the point at which 
the strain energy becomes greater than the interfacial en- 
ergy. In particular, this occurs when the film thickness is 
greater than a critical thickness, as shown by the follow- 
ing equation: 



tcri. = 27E/ff2 (eq. 1) 



[0016] In the example illustrated, where the adhesion force of the 
cobalt to TIN is greater than that of cobalt to the sidewall 
spacers, the thickness of the combined Co/TiN film layers 
must be less than the value of t determined by equation 

crit 

1 to prevent delamination. Therefore, this may be 
achieved, in one approach, by thinning the TIN cap layer 
116 to a thickness that will both prevent delamination, 
but will still also prevent oxygen from diffusing through 
the film during reaction and inhibit silicide formation. By 
way of example, in reducing the film ratio of an existing 
process of record from about 7 nm Co:20 nm TiN to about 
7 nm Co: 17 nm TiN, a decrease in stored mechanical en- 
ergy is achieved. Another approach is to reduce the thick- 
ness of both the Co and TiN layer to, for example, a ratio 
of about 6 nm Co: 15 nm TiN. Even further reductions in 
thickness in the Co layer may also be implemented (e.g., 
4-5 nm) as it has been shown that there is less open cir- 
cuiting (voiding) in the silicide areas at a reduced applied 
thickness of cobalt. 
[0017] Referring generally now to Figures 3(a) through 3(c), there 



is shown a series of cross sectional views illustrating a 
method for controlling voiding and bridging in silicide 
formation, in accordance with an embodiment of the in- 
vention. Following the formation of cap layer 116 in Fig- 
ure 3(a), it is seen that a counter tensile layer 122 is 
formed over the cap layer 116. The counter tensile layer 
122 is selected such that it results in an opposing direc- 
tional stress on the TiN cap layer 116 with respect to the 
stress created between the cap layer 116 and metal layer 
1 14. Thus, although the addition of the counter tensile 
layer 122 adds an increased overall thickness to the re- 
sulting layered structure (assuming metal layer 114 and 
cap layer 116 are formed at process of record thick- 
nesses), the structure now has less mechanical stress as- 
sociated therewith. As such, a sufficiently thick oxygen 
barrier is provided, yet the mechanical properties of the 
layered structure are modified so as to also prevent de- 
lamination. 

[0018] In an exemplary embodiment, the counter tensile layer 

122 is chosen to be the same material as used for the re- 
fractory metal layer 114 (e.g., cobalt). Such a selection 
also has the advantage of simplifying the process itself, 
since no additional tooling would be needed. Furthermore, 



the combined thickness of the cap layer 116 and the 
counter tensile layer 122 can be roughly equivalent to the 
thickness of just the cap layer in the prior process of 
record. By increasing the thickness of a tensile Co film on 
top of the compressive TIN film, the net stored energy in 
the film can be reduced. If for example, the top layer of 
Co is made thick enough while the TiN film is formed thin 
enough, then the resultant net stored energy can be re- 
duced to almost zero. In one embodiment, the refractory 
metal layer 114 is formed at a thickness of about 4 to 
about 7 nanometers, while the cap layer 116 is formed at 
a thickness of about 10 to about 20 nanometers, and said 
counter tensile layer is formed at a thickness of about 10 
to about 30 nanometers. In another embodiment, the re- 
fractory metal layer 114 is formed at a thickness of about 
4 to about 7 nanometers, while the cap layer and the 
counter tensile layer are formed at a combined thickness 
of about 15 to about 30 nanometers. 
[0019] As shown in Figure 3(b), after the annealing step, the net 
stored energy in the resulting silicide/TiN/Co film is re- 
duced, thus preventing void formation that could other- 
wise also lead to bridging. Finally, in Figure 3(c), the 
counter tensile layer 122, cap layer 116 and unreacted 



portions of the original cobalt metal layer 114 are selec- 
tively removed through one or more etch processes, 
thereby completing the silicidation process to form sali- 
cided (self aligned) electrode contacts 124. 

[0020] It vvill be appreciated that, in addition to the above dis- 
cussed techniques, the tendency for delamination could 
also be reduced by increasing the adhesional forces be- 
tween the deposited metal in the insulating surfaces. Such 
techniques could include, for example, by interface 
roughening, cleaning of etch residues to promote bonding 
of the metal to the insulator, adjusting the taper angle of 
the insulator surface adjacent to the silicon to reduce lo- 
calized stress build up, and adjusting the cool down tem- 
perature rate to reduce thermal shocks which might cause 
film delamination. 

[0021] Moreover, the differential forces induced in the capping 
layer by selective silicidation might also result in cracking 
if the hardness of the protective cap were too great. This 
effect could further result in selective delamination of the 
cap near the cracked area, and would be particularly 
worsened if oxygen were present in the background am- 
bient. In such a case (if prevention of cap failure were not 
feasible), a gettering layer, such as Ti, could also be ap- 



plied above the TiN cap layer. 

[0022] While the invention has been described with reference to a 
preferred embodiment or embodiments, it will be under- 
stood by those skilled in the art that various changes may 
be made and equivalents may be substituted for elements 
thereof without departing from the scope of the invention. 
In addition, many modifications may be made to adapt a 
particular situation or material to the teachings of the in- 
vention without departing from the essential scope 
thereof. Therefore, it is intended that the invention not be 
limited to the particular embodiment disclosed as the best 
mode contemplated for carrying out this invention, but 
that the invention will include all embodiments falling 
within the scope of the appended claims. 

[0023] What is claimed is: 



